V
irtually all transcription factors in mammals require coactivators to mediate their transcriptional activation functions (1) . Through modulating gene expression regulated by hormones, growth factors, and cytokines, coactivators play crucial roles in many biological and pathological processes including cell proliferation, differentiation, carcinogenesis, and metastasis (1) (2) (3) . The combinations, concentrations, and posttranslational modifications of these coactivators act to determine the specificity and efficiency of gene transcription (1, 3) . The p160 steroid receptor coactivator (SRC) family contains 3 members: SRC-1 (NCOA1), SRC-2 (TIF2, GRIP1, or NCOA2), and SRC-3 (AIB1, ACTR, or NCOA3) (3). They share an overall similarity of 50-55% in their amino acid sequences, interact with nuclear hormone receptors and coactivate transcription through recruiting chromatin-remodeling and other transcriptional enzymes (3) . In addition to nuclear receptors, members of the SRC family also interact with and coactivate other transcription factors such as Ets-2, PEA3, and E2F1 (4) (5) (6) (7) (8) (9) (10) (11) . Studies using mutant mouse models have shown that the members of the SRC family have both unique and partially redundant biological functions in development, somatic growth, steroid hormone response, metabolism, reproduction, cardiovascular system, and inflammatory response (3, (12) (13) (14) (15) (16) (17) (18) (19) (20) .
In the SRC family, SRC-3 was first found to be amplified and overexpressed in breast cancer (21) . Subsequent studies have shown that SRC-3 knockdown in breast cancer cells inhibits epidermal growth factor receptor (EGFR) activation, cyclin D1 expression, E2F1-mediated gene expression, and estrogeninduced cell proliferation (22) (23) (24) (25) . In mice with mammary carcinogenesis induced by oncoproteins or carcinogens, SRC-3 knockout suppresses IGF1 signaling pathway, Akt activation, cyclin D1 expression, mammary tumorigenesis, and metastasis (8, 26, 27) . Moreover, SRC-3 overexpression in the mouse mammary epithelial cells caused spontaneous mammary tumors (28) . These findings suggest that SRC-3 is a proto-oncoprotein of breast cancer.
To date, however, only a few studies have been conducted to investigate SRC-1 in breast cancer. Normal human mammary epithelial cells have minimal to no SRC-1 expression (8) . However, SRC-1 expression increases in breast cancers. Increase of SRC-1 expression correlates with HER2 positivity, disease recurrence in HER2-positive breast cancers and resistance to endocrine therapy (8, 29) . SRC-1 expression is inversely correlated with the expression of estrogen receptor ␤, a marker for better prognosis of disease-free survival in breast cancer (30) . In addition, SRC-1 also interacts with Ets-2, both to enhance c-Myc expression in endocrine-resistant breast cancer cells (4, 5) and to promote ER␣-mediated SDF-1 expression, facilitating cell proliferation and invasion (31) . These findings suggest that patients with high expression of HER2 in combination with SRC-1 have a greater probability of recurrence compared with those who are HER2 positive but SRC-1 negative. However, the mechanistic role of SRC-1 in vivo during the entire process of breast cancer initiation and progression remains to be characterized.
In this study, we crossed SRC-1 Ϫ/Ϫ mice with MMTV-PyMT mice to investigate the role of SRC-1 in mammary carcinogenesis. Although PyMT is not a human breast cancer oncogene, it activates c-Src/PI3K/Akt and Shc/ras/MAPK pathways, the same major protein kinase pathways as HER2 (32) . Expression of the MMTV-PyMT transgene in mice causes rapid formation of mammary carcinomas with all identifiable stages similar to human breast cancer progression (33) . Extensive lung metastasis also develops in all MMTV-PyMT mice (8, (33) (34) (35) , which makes the animal model ideal for investigating the role of SRC-1 in breast cancer metastasis. Furthermore, biological markers expressed in PyMT-induced mammary tumors are consistent with those expressed in human breast cancers. For instance, the loss of ER␣, PR, and integrin-␤1 and the persistent expression of HER2 and cyclin D1 were observed in PyMT-induced tumors as they progressed to the malignant stage (35, 36) . By inducing and characterizing the initiation and progression of mammary tumors in WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mice, we have substantiated the role of SRC-1 in mammary cancer metastasis and uncovered molecular pathways responsible for SRC-1 to promote metastasis.
Results

Inactivation of SRC-1 Restores Mammary Ductal Differentiation but
Does Not Inhibit Mammary Tumorigenesis in MMTV-PyMT mice. In normal mouse mammary gland, relatively low levels of SRC-1 protein were detected in the luminal epithelial cells (LECs) and myoepithelial cells (MECs) by immunohistochemistry (IHC) (data not shown). To investigate the role of SRC-1 in breast cancer, we induced mammary carcinogenesis in WT and SRC-1 Ϫ/Ϫ mice by using the MMTV-PyMT transgenic model. To match the FVB strain background of MMTV-PyMT mice, SRC-1 Ϫ/Ϫ mice with a mixed 129SvEv/C57BL/6 strain background (13) were backcrossed with FVB mice for 6 generations. Mammary gland morphogenesis was similar in backcrossed FVB WT and SRC-1 Ϫ/Ϫ mice. On the contrary, this phenotype differed from the slightly reduced mammary morphogenesis observed in SRC-1 Ϫ/Ϫ mice with a mixed 129SvEv/C57BL/6 strain background (13) . The FVB female mice have larger mammary glands with more ductal branches compared with C57BL/6 female mice. Subsequently, the backcrossed female FVB SRC-1 ϩ/Ϫ mice were bred with male MMTV-PyMT mice to produce female SRC-1 ϩ/Ϫ /WT and male SRC-1 ϩ/Ϫ /PyMT breeding pairs. From these breeding pairs, female WT/PyMT, SRC-1 ϩ/Ϫ /PyMT and SRC-1 Ϫ/Ϫ /PyMT mice were generated for experiments. This breeding strategy guaranteed that all experimental mice had a uniform strain background and were heterozygous for the MMTV-PyMT transgene.
In WT/PyMT mice, the PyMT-induced LEC proliferation inhibited mammary epithelial differentiation and ductal elongation, resulting in a precocious phenotype of mammary gland development in most mice and tumorigenesis in all mice as reported (Fig. 1A) (33, 34) . Interestingly, SRC-1 deficiency in SRC-1 Ϫ/Ϫ /PyMT mice largely abrogated precocious mammary gland development. Although mammary glands of both WT/ PyMT and SRC-1 Ϫ/Ϫ /PyMT mice showed little outgrowth at 3 weeks of age because of low levels of ovarian steroids, the mammary glands of SRC-1 Ϫ/Ϫ /PyMT mice exhibited more end buds, more ductal branches, and deeper ductal penetrance in the mammary fat pads compared with age-matched WT/PyMT mice ( Fig. 1 A) . These results suggest that SRC-1 contributes to PyMT-induced inhibition of mammary ductal differentiation and elongation. To detect mammary tumor formation, WT/PyMT, SRC-1 ϩ/Ϫ / PyMT and SRC-1 Ϫ/Ϫ /PyMT mice were examined twice a week by palpation. Our examinations revealed that 50% of WT/PyMT, SRC-1 ϩ/Ϫ /PyMT and SRC-1 Ϫ/Ϫ /PyMT mice developed mammary tumors at average ages of 75, 80, and 70 days, respectively. All SRC-1 Ϫ/Ϫ /PyMT mice and all WT/PyMT and SRC-1 ϩ/Ϫ /PyMT mice developed mammary tumors within 90 and 100 days, respectively (Fig. 1B) . Although the tumor-free curve of SRC-1 Ϫ/Ϫ /PyMT mice slightly shifted to the left, which suggests a trend of earlier tumorigenesis, there were no significant differences in tumor latency among these 3 groups of mice (Fig. 1B) . Next, we addressed whether SRC-1 deficiency affected PyMT tumor growth. The average time periods for mammary tumors to reach a diameter of 1.5 cm were, respectively, 22 Ϯ 8 (n ϭ 34), 21 Ϯ 10 (n ϭ 11), and 23 Ϯ 8 (n ϭ 21) days in WT/PyMT, SRC-1 ϩ/Ϫ /PyMT, and SRC-1 Ϫ/Ϫ /PyMT mice after palpable tumors were detected, revealing no statistical differences (P Ͼ 0.05, one-way ANOVA). These results indicate that SRC-1 is not required for PyMT-induced mammary tumor initiation and growth.
Next, the histology of SRC-1 Ϫ/Ϫ /PyMT and WT/PyMT mammary tumors was examined (Fig. 1C) . In the mammary glands of WT/PyMT mice at 4 weeks, only some of the mammary ducts were lined with differentiated LECs and had a visible lumen, whereas many mammary ducts were filled with undifferentiated tumor cells. In the mammary glands of WT/PyMT mice at 13 weeks, many large solid tumors were observed and only a few acinar structures could be found in the tumor tissues (Fig. 1C) . In contrast, in the mammary glands of SRC-1 Ϫ/Ϫ /PyMT mice at both 4 and 13 weeks, LEC sheets and many ductal and acinar lumens were observed in the hyperplastic regions and tumor tissues (Fig. 1C) . However, the MEC layer was disrupted at similar ages in both WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mammary glands as assayed by IHC for smooth muscle ␣-actin (data not shown). The results suggest that SRC-1 Ϫ/Ϫ /PyMT tumors are more differentiated than WT/PyMT tumors.
IHC using PyMT antibody demonstrated that PyMT levels were similar in LECs and mammary tumor cells of WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mice (Fig. 1C) . This was consistent with the similar latency and growth of mammary tumors in WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mice. Therefore, the morphological differences of mammary gland development and mammary tumors between WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mice are not attributed to any differential expression of the MMTV-PyMT transgene.
Disruption of SRC-1 Suppresses Mammary Tumor Metastasis to the
Lung. Considering the variations of mammary tumor formation among mice, the following standards were used to determine the time point for examining lung metastasis: mice were at least 100 days old; the palpable mammary tumor had been detected for at least 30 days; and the mammary tumor size was at least 1.5 cm in diameter. As soon as these 3 standards were satisfied, WT/ PyMT, SRC-1 ϩ/Ϫ /PyMT and SRC-1 Ϫ/Ϫ /PyMT mice usually had mammary tumors of comparable size ( Fig. 2 A and B) . These mice were killed and their lung samples were collected for examining focal metastatic tumors on the surface and inside of the lungs by using stereomicroscope and histological analysis. Macroscopic tumor foci on the lung surface were observed in 85% (28 of 33) of WT/PyMT mice, 55% (6 of 11) of SRC-1 ϩ/Ϫ / PyMT mice, and 9.5% (2 of 21) of SRC-1 Ϫ/Ϫ /PyMT mice ( Fig. 2 C-E). When nonadjacent sagittal lung sections were examined ( Fig. 2 F and G) , focal lung tumors were observed microscopically in 97% (32 of 33) of WT/PyMT mice, 64% (7 of 11) of SRC-1 ϩ/Ϫ /PyMT mice, and 29% (6 of 21) of SRC-1 Ϫ/Ϫ /PyMT mice. Statistical calculation ( 2 test) revealed that the lung tumor frequency in SRC-1 Ϫ/Ϫ /PyMT mice was significantly lower compared with the lung tumor frequencies in WT/PyMT (P Ͻ 0.0001) and SRC-1 ϩ/Ϫ /PyMT (P Ͻ 0.001) mice. The lung tumor frequency in SRC-1 ϩ/Ϫ /PyMT mice was also significantly lower than that in WT/PyMT mice (P Ͻ 0.001). To quantify the extent of metastasis, we measured the ratio of tumor area to lung area as described (8, 27) . The average percentage of tumor area to lung area in SRC-1 Ϫ/Ϫ /PyMT mice was reduced 98.6% and 94.3% when compared with that in WT/PyMT mice and SRC-1 ϩ/Ϫ / PyMT mice (Fig. 2H) . In summary, our results clearly demonstrate that inactivation of SRC-1 drastically suppresses mammary tumor metastasis to the lung.
The mammary gland origin of these lung tumors was further confirmed by RT-PCR analysis of ␤-casein mRNA, which encodes a milk protein expressed specifically in the mammary epithelial cells (27) . As expected, the ␤-casein mRNA was detected in both WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mammary tumors. However, the ␤-casein mRNA was detected in the lung samples of WT/PyMT mice with lung tumors, but was undetectable in the lung samples of SRC-1 Ϫ/Ϫ /PyMT mice without lung tumors (Fig. 3A) . These results suggest that the low frequency of lung tumors in SRC-1 Ϫ/Ϫ /PyMT mice is due to the suppression of metastasis from mammary tumor tissue. (Fig. 3B) . These results and the results from intact WT/PyMT and SRC-1 Ϫ/Ϫ / PyMT mice support that SRC-1 has an intrinsic role in mammary tumor cells to promote lung metastasis.
SRC-1 Is Required for Intravasation of Mammary Tumor Cells.
To investigate the specific role of SRC-1 in the metastatic cascade, we quantified the number of mammary tumor cells in the blood circulation of WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mice by collecting the blood from these mice at the experimental endpoint and counting the cancer cell colonies formed from the blood in culture. Cancer cell colony-forming units (CCCFUs) were found in 83% (10 of 12) of blood samples from WT/PyMT mice. An average of 31 colonies was identified in 0.5 ml of blood from each mouse. In contrast, CCCFUs were only found in 17% (2 of 12) of blood samples from SRC-1 Ϫ/Ϫ /PyMT mice, and only 1.8 colonies were identified in 0.5 ml of blood from each mouse (Fig.  3C) . Therefore, the appearance frequency and number of mammary tumor cells in the blood are significantly reduced in SRC-1 Ϫ/Ϫ /PyMT mice compared with WT/PyMT mice (P Ͻ 0.001, unpaired t test). These results suggest that a major role of SRC-1 in metastasis is to promote mammary tumor cells to enter the circulation system. ern blot analysis (Fig. 4A) . However, clear SRC-1 protein bands were detected from the mammary gland samples of WT/PyMT mice at ages of 4 and 8 weeks. Furthermore, the SRC-1 levels were significantly increased in WT/PyMT tumors. As negative controls, SRC-1 was undetectable in the mammary gland samples of SRC-1 Ϫ/Ϫ and SRC-1 Ϫ/Ϫ /PyMT mice at all stages examined (Fig. 4A) . In addition, the 160-kDa full-length SRC-3 protein and its shorter isoforms were also increased during mammary tumor progression in WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mice (Fig. 4B) . Interestingly, SRC-3 protein levels in SRC-1 Ϫ/Ϫ /PyMT mammary glands and tumors were higher than that in WT/PyMT mammary glands and tumors at all stages. These results suggest that SRC-1 is up-regulated during the process of mammary gland tumorigenesis, and SRC-1 deficiency may result in an increase in SRC-3 expression during mammary gland tumorigenesis.
SRC-1 Overexpression in PyMT Mammary
PyMT activates both ERK (MAPK) and Akt pathways to induce mammary carcinogenesis (32) . The total and active forms of ERK1 and ERK2 were similar in the mammary tumors of WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mice (data not shown), suggesting that SRC-1 is not required for PyMT-induced activation of ERKs. Interestingly, the protein level of Ets-2, a transcription factor activated by MAPK and coactivated by SRC-1, was moderately reduced in SRC-1 Ϫ/Ϫ /PyMT mammary tumors compared with WT/PyMT mammary tumors. Furthermore, the level of HER2, a target of Ets-2, was significantly reduced in SRC-1 Ϫ/Ϫ /PyMT mammary tumors compared with WT/PyMT tumors (Fig. 4C) . In addition, SRC-1 deficiency in the mammary tumors also resulted in a decrease in phosphorylated Akt without affecting the total Akt level (Fig. 4C) . These results suggest that SRC-1 is required for Ets-2 up-regulation, Ets-2-mediated HER2 expression, and PyMT-stimulated Akt activation in the mammary tumors.
SRC-1 Deficiency Reduces Macrophage Recruitment to the Mammary
Tumor Site. Malignant breast cancer cells usually secrete CSF-1 to attract macrophages to the tumor sites, which in turn produce EGF to stimulate breast cancer cell migration and invasion (37, 38) . Real-time RT-PCR analysis revealed that CSF-1 expression was much lower in two of three SRC-1 Ϫ/Ϫ /PyMT tumors compared with the three WT/PyMT tumors (Fig. 5A) . To compare the secreted functional CSF-1 protein from these tumors, we isolated WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mammary tumor cells from 3 mice for each group and measured their secreted CSF-1 in the medium. Our assays revealed that the CSF-1 secreted from WT/PyMT tumor cells was more than 2-fold higher compared with that secreted from SRC-1 Ϫ/Ϫ /PyMT tumor cells (Fig. 5B) . IHC for CD11b, a molecular marker of macrophage, detected many macrophages in the areas around the mammary ducts with hyperplasia at 4 weeks of age and in the mammary tumor areas at 8 weeks of age in WT/PyMT mice. In contrast, only a few macrophages could be detected in the mammary glands and tumors in SRC-1 Ϫ/Ϫ /PyMT mice (Fig. 5C ). Next, we compared the binding affinity of WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mammary tumor cells to macrophages in culture. These tumor cells were isolated from primary mammary tumors and cultured to confluence. Fluorescent dye-labeled live macrophages were added to the monolayer of tumor cells. After incubation and washing away the unbound macrophages, the average number of macrophages associated with WT/PyMT mammary tumor cells was significantly higher than the number of macrophages associated with SRC-1 Ϫ/Ϫ /PyMT cells (Fig. 5 D and E) . These results demonstrate that SRC-1 is able to enhance CSF-1 expression in the mammary tumors to recruit macrophages to the tumor site, which may promote tumor cell migration, invasion and metastasis. 
Discussion
Although recent studies have suggested that increased SRC-1 expression in breast cancer may be detrimental (7, 29, 39) , the precise in vivo role of SRC-1 in breast cancer initiation and progression remains to be defined. In this study, we have shown that SRC-1 is not required for PyMT-induced mammary tumor initiation and growth. Interestingly, SRC-1 deficiency antagonizes PyMT-induced precocious development of mammary gland, maintains a more differentiated morphology of mammary tumors, and significantly reduces mammary tumor cell intravasation and metastasis to the lung. Moreover, the role of SRC-1 in promotion of metastasis is intrinsic in the tumor cells as demonstrated by reciprocal transplantation of WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT tumors to SRC-1 Ϫ/Ϫ and WT recipient mice. These results clearly indicate that SRC-1 plays a potent role in promoting mammary tumor metastasis to the lung, possibly through enhancing tumor cell intravasation.
The specific role of SRC-1 in promoting metastasis without affecting primary tumor initiation and growth is unique and different from the role of SRC-3 in mammary tumorigenesis. SRC-3 deficiency suppresses both the primary mammary tumor formation in MMTV-ras, MMTV-HER2 and carcinogen-treated mice and the lung metastasis in MMTV-ras and MMTV-PyMT mice (8, 26, 27, 40) . Similar to SRC-3, several other proteins that enhance metastasis also promote primary tumor growth. These proteins include ras, HER2, c-myc, EGFR, hepatocyte growth factor, metalloproteinases, ␤1,6-N-acetylglucosaminyltransferase V, metastasis-associated gene-1, and osteopontin (41) (42) (43) . Functional inhibition of these genes usually affects both primary tumor growth and metastasis.
Increased SRC-1 level during mammary tumor progression in MMTV-PyMT mice recapitulates SRC-1 overexpression in HER2-positive human breast cancers (7, 29) . Since MMTVPyMT-induced mammary tumors at advanced stages are usually ER␣-negative and PR-negative, we focused our attention to addressing how overexpressed SRC-1 interacted with PyMTactivated oncogenic pathways, including the Shc/ras/MAPK and the c-Src/PI3K/Akt pathways (32) . We found that, although SRC-1 deficiency did not directly affect PyMT-induced MAPK activation, it reduced the levels of Ets-2 and HER2. Because Ets-2 is a MAPK target and SRC-1 is a coactivator of Ets-2 that mediates HER2 expression (4, 5) , SRC-1 may promote MAPK signaling through up-regulating the downstream components of the MAPK signaling pathway. We also found that SRC-1 deficiency suppressed Akt activation without changing total Akt level. Possibly, SRC-1 may be involved in Akt activation through increasing HER2 expression during mammary tumor progression. Because both the Akt and MAPK signaling pathways play critical roles in breast cancer cell migration, invasion, and metastasis, the down-regulation of these pathways by SRC-1 inactivation may be responsible, at least in part, for the suppression of lung metastasis observed in SRC-1 Ϫ/Ϫ /PyMT mice.
The number of macrophages recruited to breast tumors has been found to be associated with invasiveness and metastasis in breast cancer (44) . A paracrine loop has been proposed to explain the crucial role of macrophages in breast cancer metastasis (37) . In this loop, the cancer cells express and secrete CSF-1 to recruit macrophages; in turn, macrophages express and secrete EGF to stimulate tumor cell migration and invasion (37) . It also has been shown that CSF-1 deficiency suppresses PyMTinduced mammary tumor metastasis in mice (38) . Our data demonstrate that SRC-1 deficiency inhibits CSF-1 expression in certain mammary tumors. We showed that fewer numbers of macrophages were recruited to the mammary tumor sites in SRC-1 Ϫ/Ϫ /PyMT mice compared with WT/PyMT mice. In agreement with these in vivo data, SRC-1 Ϫ/Ϫ /PyMT tumor cells in culture also secreted much less CSF-1 protein into the medium and showed lower affinity to interact with macrophages compared with WT/PyMT tumor cells. These findings suggest that SRC-1 may promote breast cancer metastasis through a direct or indirect pathway to enhance CSF-1 expression. Intriguingly, CSF-1 expression is not affected in some of the SRC-1 Ϫ/Ϫ /PyMT mammary tumors. This is consistent with the fact that some of the SRC-1 Ϫ/Ϫ /PyMT mice still develop lung metastasis, and individual differences may occur because of the relative expression levels of SRC-3 among tumors. Indeed, our data indicate that certain SRC-1 Ϫ/Ϫ /PyMT mammary glands and tumors expressed higher SRC-3 compared with WT/PyMT mammary glands and tumors.
In conclusion, we have identified an important role for SRC-1 in promotion of mammary tumor metastasis. Our study suggests that SRC-1 specifically promotes metastasis without affecting primary tumor growth. SRC-1 may promote metastasis by facilitating Ets-2-mediated HER2 expression and activating CSF-1 expression to recruit macrophages to the mammary tumors. These findings may partially explain the poor prognosis of SRC-1-positive breast cancers. Further understanding of the molecular mechanisms and the gene networks regulated by SRC-1 in breast cancer metastasis may provide new additional strategies to inhibit breast cancer metastasis.
Methods
Mice and Mammary Tumorigenesis. The previously described SRC-1 Ϫ/Ϫ mice (13) were backcrossed with FVB mice for 6 generations. MMTV-PyMT mice with FVB background were obtained from the Jackson Laboratory (33) . The backcrossed female SRC-1 Ϫ/Ϫ mice were used to breed with male MMTV-PyMT mice to generate female WT/PyMT, SRC-1 ϩ/Ϫ /PyMT and SRC-1 Ϫ/Ϫ /PyMT mice. Mammary tumorigenesis was examined by palpation, and tumor volume was measured as described in ref. 27 . Whole-mounted mammary glands were also prepared and stained as described (27, 35) .
Examination of Lung Metastasis.
Mice were killed at defined experimental endpoints as described in Results. Lung metastasis was analyzed by examining the visual tumors on the lung surface and by measuring the ratio of tumor area to total area on the lung sections as described (8, 27) .
Tumor Transplantation. The WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mammary tumor tissues (Ϸ1 mm 3 in size) were sliced from primary tumors of different donor mice and reciprocally implanted into the mammary fat pads of 8-to 12-weekold female SRC-1 Ϫ/Ϫ and WT recipient mice as described (8, 35) . Tumor growth was monitored once a week. For analysis of lung metastasis, the recipient mice were killed when tumor size reached 2.5 cm in diameter.
Colony Formation Assay of Mammary Tumor Cells in Blood.
The procedure was modified from one described in refs. 8 and 45. At the experimental endpoint, blood samples (0.5 ml/mouse) were collected from the right atrium via heart puncture. Heparin was used as an anticoagulant. Each sample was mixed with 9 ml of DMEM with 10% FCS and cultured for 3 weeks. The formed tumor cell colonies were stained with crystal violet and then counted.
IHC. IHC was performed on tissue sections of WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mammary glands and tumors as described (8, 26, 27) . The monoclonal antibodies against PyMT and CD11b were purchased from Oncogene Research and Abcam.
RT-PCR.
Total RNA samples were extracted from the lungs and mammary tumors of WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mice as described in ref. 27 . RT-PCR for analysis of ␤-casein and ␤-actin mRNAs was also described in ref. 27 . Real-time RT-PCR with SYBR Green for analyses of CSF-1 mRNA and 18S RNA was performed as described (8, 46) . The primers for detection of mouse CSF-1 mRNA were 5Ј-gaacactgtagccacatgattgg and 5Ј-tggcatgaagtctccatttgac. The relative level of CSF mRNA was normalized to the18S RNA level.
CSF-1 Measurement.
WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mammary tumor cells were isolated from mammary tumors of WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mice (n ϭ 3) as described (8, 27) . Cells were cultured to reach 90% confluence in 6-well plates in DMEM with 10% serum, 10 g/ml insulin, and 10 Ϫ4 M ␤-mecaptoethanol. Cells were washed and incubated in serum-free DMEM for 2 days. The CSF-1 concentration in the conditioned medium was measured by using the Quantikine Mouse M-CSF ELISA Kit (R&D Systems). The total amount of CSF-1 in the medium was normalized to the total protein extracted from the cells in the culture for each well.
Western Blot Analysis. Western blot analyses of tissue lysates prepared from mammary glands and tumor tissues of WT, SRC-1 Ϫ/Ϫ , WT/PyMT, and SRC-1 Ϫ/Ϫ /PyMT mice were performed as described (11, 26, 27) . The antibodies against SRC-1, Ets-2, and HER2 were from Santa Cruz Biotechnology. The antibodies against Akt, p-Akt, EGFR, and p-EGFR were from Cell Signaling. Western blot analysis for SRC-3 was described in ref. 8 .
Macrophage Adhesion Assay. WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT cells were isolated from mammary tumors of WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT mice as described (8, 27) . The RAW264.7 murine macrophage cell line was obtained from American Type Culture Collection. For macrophage adhesion assay, WT/PyMT and SRC-1 Ϫ/Ϫ /PyMT tumor cells were plated in 96-well plate at a density of 40,000 cells per well and cultured till confluence. Live RAW264.7 cells were labeled as described with CellTracker Orange CMTMR ((5-(and-6)-l((4-chloromethyl)benzoyl)amino)tetramethylrhodamine) from Invitrogen-Molecular Probes (47) . Labeled live cells (20,000/well) were added to a 96-well plate with confluent tumor cells. After culturing at 37°C for 1 h, cells were washed with PBS. The labeled macrophages attached to the tumor cells were examined under a fluorescent microscope. The macrophage numbers in 5 randomly chosen fields of view with 50ϫ amplification were counted.
